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(54) Optical pickup using objective lens compatible with a plurality of optical disks 



(57) An optical pickup including an objective lens 
which is compatible with a plurality of optical disks of a 
respectively different specification such as a digital ver- 
satile disk (DVD), a compact disk-recordable (CD-R), a 
compact disk (CD) and a laser disk (LD) is provided, 
which includes at least one laser source (31 ), an objec- 
tive lens (35) for focusing the light emitted from the laser 
source (31) on a respective information recording sur- 



face of a plurality of optical recording media (36, 40) as 
an optimal optical spot., and an optical detector (37) for 
detecting the light having reflected from the information 
recording surface of the optical recording medium (36, 
40) on which the optical spot has been focused and then 
having transmitted through the objective lens (35). 
Thus, the optica! pickup can be compatible with a plu- 
rality of the optical disks of a respectively different spec- 
ification irrespective of the thickness of the disk. 



FIG. 3 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 921 521 A2 



2 



Description 

[0001] The present invention relates to an optical 
pickup having a function of forming an optical spot on 
an information recording surface in each of optical re- 
cording media having different specifications such as 
disk thickness and use wavelength, and more particu- 
larly, to an optical pickup which includes an objective 
lens compatible with a plurality of optical disks each of 
which has a different specification. 
[0002] There are a disk, a card or a tape as a record- 
ing medium for recording and reproducing information 
such as video, audio or data at high density. Among 
them, a disk-shaped recording medium is mainly used. 
Such an optical disk is comprised of a plastic or glass 
medium having a uniform thickness in axial direction 
where lightis incident, and an information recording sur- 
face located on the medium and on which information 
is recorded. Recently, a laser disk (LD), a compact disk 
(GD) : and a digital versatile disk (DVD) have, been de- 
veloped as an optical disk device. 
[0003] A recently commercialized high-density optical 
disk system enlarges a numerical aperture of an objec- 
tive lens and uses a short-wavelength light source of 
635nm or 650nm, in order to heighten a recording den- 
sity. As a result, the optical disk system can record and 
reproduce information with respect to a DVD and can 
also reproduce information recorded on a CD having a 
thickness different from that of the DVD. However the 
high-density digital optica! disk system has to use light 
. whose wavelength is 780nm, in order to compatibly use 
a CD-recordable (CD-R) which is a recent CD pattern. 
This is due to a recording characteristic of a CD-R re- 
cording medium. It is a very important technique for 
compatibility between a DVD and a CD-R to enable a 
single optical pickup to use both light whose wavelength 
is 780nm and light whose wavelength is 650nm. If a disk 
having a different specification is loaded, an optical ab- 
erration occurs due to a change in the thickness of the 
disk and a variation of the wavelength and numerical 
aperture. Thus, an optical pickup which solves an optical 
aberration and is compatible with optical disks having a 
respectively different specification as well is being viv- 
idly under study. As a result, optical pickups compatible 
with optical disks having a respectively different speci- 
fication are being manufactured. 

[0004] An existing optical pickup which is compatible 
with a DVD and a CD-R will be described below with 
reference to Figure 1 . 

[0005] Figure 1 shows an existing optical pickup 
which uses a conventional objective lens. The optical 
pickup shown in Figure 1 uses laser light whose wave- 
length is 635nm during reproduction of a DVD, and uses 
laser light whose wavelength is 7B0nm during recording 
and reproduction of a CD-R. The light whose wave- 
length is 635nm emitted from a light source 1 being a 
laser diode is incident to a collimating lens 2. The light 
beams are shown as solid lines. The collimating lens 2 



makes the incident light parallel light. The light having 
passed through the collimating lens 2 is reflected from 
a polarization beam splitter 3, and then proceeds to an 
interference filter type prism 4. 

s [0006] Meanwhile, the light whose wavelength is 
780nm emitted from a light source 11 being a laser diode 
passes through a collimating lens 12 : a beam splitter 1 3 
and a converging lens 14 in turn, and then proceeds to 
the prism 4. The light beams are shown as dotted lines. 

io The prism 4 totally transmits the light whose wavelength 
is 635nm which is incident after being reflected by the 
polarization beam splitter 3, and totally reflects the light 
having a wavelength of 780nm which is converged by 
the converging lens 1 4. As a result, the light emitted from 

15 the light source 1 is incident to a wave plate 5 in the form 
of parallel light by the collimating lens 2, and the light 
emitted from the light source 11 is incident to the wave 
plate 5 in the form of diverging light by the converging 
lens 14 and the prism 4. The light transmitting the wave 

20 plate 5 is incident to an objective lens 7 after passing 
through a thin-film type variable iris 6. 
[0007] The objective lens 7 is designed to focus on an 
information recording surface of a DVD 8 having a thick- 
ness of 0.6mm, in which the light whose wavelength is 

25 635nm having passed through a variable iris 6 is fo- 
cused on the information recording surface of the DVD 
8. As a result, the light reflected from the information 
recording surface of the DVD 8 contains the information 
recorded on the information recording surface The re- 

30 fleeted light transmits through the polarization beam 
splitter 3 and is detected by an optical detector 10. 
[0008] The objective lens 7 also focuses the light 
whose wavelength is 730nm having passed through the 
variable iris 6 on the information recording surface of a 

35 CD-R 9 having a thickness of 1 .2mm. However, spher- 
ical aberration occurs due to a difference between the 
DVD 8 and the CD-R 9 in thickness. The spherical ab- 
erration is due to the fact that the information recording 
surface of the CD-R 9 is located at a farther place from 

40 the objective lens 7 along its optical axis than that of the 
DVD 8. When the variable iris 6 to be described later 
with reference to Figure 2 is used, the light whose wave- 
length is 780nm forms an optimal-sized optical spot on 
the information recording surface of the CD-R 9. The 

45 light whose wavelength is 780nm reflected from the CD- 
R 9 is reflected by the beam splitter 13 and then is de- 
tected by the optical detector 15. 

[0009] The variable iris 6 of Figure 1 has a thin-film 
type structure which can selectively transmit the light in- 

50 cident to an area identical to a diameter of the objective 
lens 7, that is, an area having a numerical aperture (NA) 
not more than 0.6 as shown in Figure 2. In other words, 
the variable iris 6 is segmented into an "area 1" which 
transmits both the light whose wavelength is 635nm and 

55 the light whose wavelength is 780nm. and an "area 2" 
which totally transmits the light whose wavelength is 
635nm and totally reflects the light whose wavelength 
is 780nm. The area 1 has the numerical aperture (NA) 
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not more than 0.45 : and the area 2 is an outer area of 
the area 1 . The area 1 is also formed of a quart7 (Si0 2 ) 
thin film to remove optical aberration occurring in the 
area 2 formed of a dielectric thin film. Using the variable 
iris 6, the light whose wavelength is 780nm which trans- 
mits through the area 1 of the numerical aperture (NA) 
not more than 0.45 forms an optical spot appropriate for 
the information recording surfaceof the CD-R 9 thereon. 
As a result, when a loaded optical disk is changed from 
the DVD 8 to the CD-R 9, the optical pickup of Figure 1 
can be compatibly used with an optimized optical spot. 
[0010] However the above-described optical pickup 
of Figure 1 should achieve a finite optical system with 
respect to the light whose wavelength is 780nm. in order 
to remove spherical aberration occurring due to com- 
patibility between a DVD and a CD-R. Accordingly, the 
optical system becomes complicated., which makes it 
difficult to assemble optical components. Also : an opti- 
cal path difference occurs between the light passing 
through the area 1 having the numerical aperture (NA) 
not more than 0.45 and the light passing through the 
area 2 having the numerical aperture (NA) not less than 
0.45, due to a dielectric thin film which is formed in the 
area 2 having the numerical aperture (NA) in the varia- 
ble iris 6 not less than 0.45. To remove this optical'path 
difference, a particular optical thin film such as a quartz 
thin film needs to be formed on the area 1 For this rea- 
son, a quartz thin film is formed on the area 1 and a 
multi-layered thin film is formed on the area 2 which 
causes a complicated manufacturing process. Also, the 
thickness of the thin film should be adjusted on a mi- 
crometer (u.m) scale, which does not fit mass-produc- 
tion. Even though a direct overwrite technique for per- 
forming a reproduction operation at the same time when 
performing a recording operation is known as a tech- 
nique using light beams of a respectively different wave- 
length and a single lens, such a direct overwrite tech- 
nique cannot be applied to disks of a respectively differ- 
ent specification in order to perform recording and re- 
production operations. 

[001 11 With a view to solve or reduce the above prob- 
lems ; it is an aim of embodiments of the present inven- 
tion to provide an optical pickup including an objective 
tens which can be compatible with a plurality of optical 
disks, using one or more light sources, in which a colli- 
mating lens and the objective lens are shared along a 
respective optical path from the light source to the disk. 
[0012] According to a first aspect of the invention, 
there is provided an optical pickup comprising; at least 
one laser source: an objective lens to locus light beam 
emitted from the laser source on an information record- 
ing surface of each of the plurality of optical recording 
media as an optimal optical spot; and an optical detector 
to detect the light beam transmitted through the objec- 
tive lens after being reflected from the information re- 
cording surface of the optical recording medium on 
which the optical spot has been formed, wherein the ob- 
jective lens includes an inner area, an annular lens area 



and an outer area centered at the optical axis of the ob- 
jective lens, the inner area having an aspherical surface 
which is optimized to both a relatively thin first optical 
recording medium and a relatively thick second optical 

s medium, the annular lens area having an aspherical sur- 
face optimized to the second optical recording medium, 
and the outer area having an aspherical surface opti- 
mized to the first optical recording medium. 
[0013] Preferably, said objective lens has a step dif- 

10 ference between the inner area and the annular lens ar- 
ea, and the step difference generates an optical aber- 
ration which is an integer multiple of the wavelength of 
the light used for reproduction of the second optical re- 
cording medium. 

15 [001 4] Said objective lens may have a step difference 
between the inner area and the outer area, and the step 
difference generates an optical aberration which is an 
integer multiple of the wavelength of the light used for 
reproduction of the first optical recording medium. 

20 [0015] For a belter understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of 
example, to the accompanying diagrammatic drawings, 
in which: 

25 

Figure 1 is a view showing an existing optical pickup 
which uses a conventional objective lens; 

Figure 2 is a view for explaininga variable iris shown 
30 in Figure 1 : 

Figure 3 is a view showing an optica! pickup includ- 
ing an objective lens according to a preferred em- 
bodiment of the present invention; 

35 

Figure 4 is a view showing an optical pickup includ- 
ing an objective lens according to another embodi- 
ment of the present invention; 

40 Figure 5 is a view for explaining that the objective 
lens shown in Figures 3 and 4 forms an optical spot 
on an information recording surface of a plurality of 
optical disks; 

45 Figure 6 shows an objective lens viewed from a light 
source in which the objective lens is segmented into 
an inner area, an annular lens area and an outer 
area; 

50 Figure 7 is a view showing that the objective lens 
forms an optical spot on an information recording 
surface of a thin optical disk; and 

Figure 8 is a view showing that the objective lens 
. 55 forms an optical spot on an information recording 
surface of a thick optical disk. 

[0016] Preferred embodiments of the present inven- 
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tion will be described in detail with reference to the ac- 
companying drawings. 

[0017] Figure 3 shows an optical pickup including an 
objective lens according to a preferred embodiment of 
the present invention. The optical pickup shown in Fig- 
ure 3 includes laser sources 31 and 38, a holographic 
beam splitters 32 and 39, a beam splitter 33, a collimat- 
ing lens 34 : an objective lens 35 and optical detectors 
37 and 41 . The laser light source 31 and the optical de- 
tector 37 are integrated into a single unit 30. The laser 
light source 38 and the optical detector 41 also are in- 
tegrated into a single unit 42. 

[0018] The operation of the optical pickup shown in 
Figure 3 will be described below in connection with op- 
tical recording media such as a DVD 36 being a thin disk 
and a CD-R 40 being a thick disk with reference to Fig- 
ures 6, 7 and 8. 

[0019] In the optical pickup of Figure 3, when repro- 
ducing information from DVD 36, the laser light of 
650nm wavelength emitted from the laser source 31 is 
incident to the holographic beam splitter 32. The laser 
light is depicted as solid lines. The incident light trans- 
mits through the holographic beam splitter 32 and pro- 
ceeds to the beam splitter 33. The collimating lens 34 
collimatcs the light having passed through the beam 
splitter 33 in the form of parallel light. The light having 
passed through the collimating lens 34 is formed as an 
optical spot on the information recording surface of the 
DVD 36 by the objective lens 35 The light beam forming 
the optical spot on the information recording surface of 
the DVD 36 is shown as solid lines in Figure 5. The iight 
reflected from the information recording surface of the 
DVD 36 passes through the objective lens 35 and the 
collimating lens 34 ; and then is incident to the beam 
splitter 33. The beam splitter 33 transmits the incident 
light. The optical path of the transmitted light is changed 
by the holographic beam splitter 32, and the light passed 
through the holographic beam splitter 32 is focused on 
the optical detector 37. As shown in Figures 6 and 7, the 
light having passed through the inner area A1 and the 
outer area A3 of the objective lens 35 is formed as a 
spot of a size from which information can be read on the 
information recording surface 36A of the DVD 36. 
[0020] Meanwhile, when reproducing information 
from CD-R 40, the laser light of 780nm wavelength emit- 
ted from the laser source 38 is incident to the holograph- 
ic beam splitter 39. The light is shown as dotted lines. 
The incident light transmits through the holographic 
beam splitter 39 and proceeds to the beam splitter 33. 
The collimating lens 34 collimates the light having re- 
flected from the beam splitter 33 in the form of parallel 
light. The light having passed through the collimating 
lens 34 is formed as an optical spot on the information 
recording surface of the CD-R 40 by the objective lens 
35. The light beam forming the optical spot on the infor- 
mation recording surface of the CD-R 40 is shown as 
dotted lines in Figure 5 The light reflected from the in- 
formation recording surface of the CD-R 40 is focussed 



on the optical detector 41 by the holographic beam split- 
ter 39. As shown in Figures 6 and 8. the light having 
passed through the inner area A1 and the annular lens 
area A2 of the objective lens 35 is formed as a spot of 

5 a size from which information can be read on the infor- 
mation recording surface 40A of the CD-R 40. There- 
fore, the optical detector 41 detects the light having 
passed through the inner area A1 and the annular lens 
area A2 of the objective lens 35. 

io [0021] Figure 4 is a view showing an optical pickup 
including an objective lens according to another embod- 
iment of the present invention. The optical pickup shown 
in Figure 4 includes optical sources 31 and 38, beam 
splitters 41 3 and 415, a collimating lens 41 6, a reflective 

is mirror 417 and an objective lens 35. Also, an astigmatic 
lens 412 is disposed so that the light reflected 1rom the 
information recording surface of the disks 36 and 40 is 
focussed by an optical detector 411. The optical ele- 
ments shown in Figure 4 perform the same functions as 

20 those having the same reference numerals as those of 
Figure 3. 

[0022] Referring to Figure 4, when reproducing infor- 
mation from the DVD 36, the light emitted from the laser 
source 31 is reflected from and transmitted through the 

25 beam splitters 41 3 and 415 and passes through the col- 
limating lens 416. The reflective mirror 417 reflects the 
parallel light from the collimating lens 416 toward the 
objective lens 35. The objective lens 35 forms an optical 
spot on the information recording surface of the DVD 

30 36. The light is shown as solid lines in the drawing The 
light reflected from the DVD 36 returns to the collimating 
lens 416 and the beam splitters 415 and 413 and de- 
tected by the optical detector 411 . 
[0023] Meanwhile, when reproducing information 

35 from the CD-R 40, the light emitted from the laser source 
38 is diffracted by a diffractive lattice 414 and reflected 
from the beam splitter 415. The reflected light passes 
through the collimating lens 416, the reflective mirror 
417 and the objective lens 35, and is formed as an op- 

40 tical spot on the information recording surface of the CD- 
R 40. The optical detector 411 detects the light reflected 
from the CD-R 40. 

[0024] The objective lens shown in Figure 3 and 4 will 
be described with reference to Figures 6, 7 and 8. 

45 [0025] Figure 6 shows a lens surface of the objective 
lens 35 viewed from a light source in which the lens sur- 
face denoted as 35A in Figure 7 is segmented into an 
inner area A1 , an annular lens area A2 and an outer 
area A3. Figure 7 shows optical paths when a working 

50 distance of the objective lens 35 is WD1 for reproduction 
of the DVD 36. Figure 8 shows optical paths when a 
working distance of the objective lens 35 is WD2 for re- 
production of the CD-R 40. 

[0026] As shown in Figure 6, the objective lens 35 is 
55 segmented into three areas. The inner area A1 is formed 
so that the minimum optical aberration is simultaneously 
satisfied for recording and reproduction of the informa- 
tion with respect to a DVD and a CD-R. That is, opti- 
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mized aspherical surfaces are formed on the informa- 
tion recording surfaces 36A and 40A of the optical disks 
36 and 40, in order to form the most preferable focal 
points. The annular lens area A2 is formed to have the 
minimum optical aberration only with respect to the CD- 
R. That is, an optimized aspherical surface is formed on 
the information recording surface 40A of the CD-R 40 
to have the most preferable focal point. Finally, the outer 
area A3 is comprised of an optimized aspherical surface 
with respect to the DVD 36. Thus, when reproducing the 
DVD : the light having passed through the inner area A1 
and the outer area A3 of the objective lens 35 is detected 
as shown as solid lines in Figure 7, while reproducing 
the CD-R, the light having passed through the inner area 
A1 and the annular lens area A2 of the objective lens 
35 is detected as shown as solid lines in Figure 8. In 
order to form a plurality of lens surfaces of a respectively 
different shape on an identical lens as described above., 
the lens surface of the inner area A1 should be primarily 
worked with a lens data vatue : the lens surface of the 20 1. 
annular lens area A2 should be then worked and the 
lens surface of the outer area A3 should be finally 
worked. As a result, a step difference is formed between 
the areas, which causes an optical aberration to occur 
To solve this problem, the objective lens 35 of tho cm- 25 
bodiment is designed so that both a step difference be- 
tween the inner area A1 and the annular lens area A2 
of the objective lens 35 when reproducing the CD-R and 
a step difference between the inner area A1 and the out- 
er area A3 when reproducing the DVD become an inte- 30 
ger multiple of the light wavelength. Here, it means that 
an optical aberration does not occur that a step differ- 
ence is an integer multiple of the light wavelength. The 
enlarged portion of Figure 8 shows a step difference of 
each area at the annular lens area A2 of the objective 35 
lens 35. 

[0027] As described above, the optical pickup accord- 
ing to the present invention is compatible with optical 
disks of a respectively diflerent specification irrespec- 
tive of the thickness of the disks. Even in the case that 40 
two or more kinds of the laser light are used, a single 
objective lens is used to form an optical pickup. 
[0028] While only certain embodiments of the inven- 
tion have been specifically described herein, it will be 
apparent that numerous modifications may be made 
thereto without departing trom the scope of the inven- 
tion. J 
[0029] The reader's attention is directed To all papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- so 
c; tion and which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 2. 
[0030] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 55 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 



tures and/or steps are mutually exclusive. 
[0031] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
s the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus : unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 
[0032] The invention is not restricted to the details of 
10 the foregoing embodiment(s). The invention extends to 
any novel one, or any novel combination : of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any metri- 
cs od or process so disclosed. 



Claims 

An optical pickup which is compatible with a plurality 
of optical recording media (36, 40) having different 
thicknesses, the optical pickup comprising: 

at least one laser source {31, 38); 

an objective lens (35) to focus light beam emit- 
ted from the laser source (31, 38) on an infor- 
mation recording surface of each of the plurality 
of optical recording media (36, 40) as an opti- 
mal optical spot; and 

an optical detector (37. 41) to detect the light 
beam transmitted through the objective lens 
(35) after being reflected from the information 
recording surface of the optical recording me- 
dium (36, 40) on which the optical spot has 
been formed, 

wherein the objective lens (35) includes an in- 
ner area (A1 ), an annular lens area (A2) and an 
outer area (A3) centered at the optical axis of 
the objective lens (35), said inner area (A1) 
having an aspherical surface which is opti- 
mized to both a relatively thin first optical re- 
cording medium (36) and a relatively thick sec- 
ond optical medium (40), said annular lens area 
(A2) having an aspherical surface optimized to 
the second optical recording medium (40), and 
said outer area (A3) having an aspherical sur- 
face optimized to the first optical recording me- 
dium (36). 

The optical pickup according to claim 1 , wherein 
said objective lens (35) has a step difference be- 
tween the inner area (A1 ) and the annular lens area 
(A2), and the step difference generates an optical 
aberration which is an integer multiple of the wave- 
length of the light used for reproduction of the sec- 
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ond optical recording medium (40). 

3. The optical pickup according to claim 1 or 2, where- 
in said objective lens (35) has a step difference be- 
tween the inner area (A1 ) and the outer area (A3), 5 
and the step difference generates an optical aber- 
ration which is an integer multiple of the wavelength 
of the light used for reproduction of the first optical 
recording medium (36). 
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